Non-pregnant, non-lactating ewes grazed adjacent monocultures of white clover and perennial ryegrass with three sward surface height (SSH) combinations [6 cm white clover: 6 cm perennial ryegrass (c6g6), 3 cm white clover: 6 cm perennial ryegrass (c3g6), 3 cm white clover: 9 cm perennial ryegrass (c3g9)] at two stocking densities (21á3 or 29á8 ewes ha ±1 ). Immediately prior to the experiment, all ewes grazed a c6g6 sward. Grazing time on each plant species was recorded during daylight over two 48 h-test periods. Subsequently, herbage intake rates for each species at each SSH were measured allowing intakes of each species to be calculated.
3 cm white clover: 9 cm perennial ryegrass (c3g9)] at two stocking densities (21á3 or 29á8 ewes ha ±1 ). Immediately prior to the experiment, all ewes grazed a c6g6 sward. Grazing time on each plant species was recorded during daylight over two 48 h-test periods. Subsequently, herbage intake rates for each species at each SSH were measured allowing intakes of each species to be calculated.
For the ®rst 24 h of both test periods (D1), ewes on treatment c3g6 spent less time grazing white clover than those on treatment c6g6 (228 vs. 362 min) and more time grazing perennial ryegrass (360 vs. 182 min). Total grazing time on treatment c3g6 was more than on treatment c6g6 (587 vs. 544 min) but the difference was not signi®cant. Perennial ryegrass intake was higher (895 vs. 452 g), and white clover intake (814 vs. 1687 g), total intake (1719 vs. 2140 g) and proportion of white clover in the diet (0á460 vs. 0á794) were lower for treatment c3g6 than treatment c6g6. There were no signi®cant differences in total grazing time, grazing time on either species, proportion of grazing time on white clover or proportion of white clover in the diet between treatment c3g6 and treatment c3g9. However, the higher intake rate of perennial ryegrass in treatment c3g9 led to higher perennial ryegrass and total intakes.
For the second 24 h of both test periods (D2), ewes on treatment c3g6 again spent more time grazing perennial ryegrass than on treatment c6g6 (270 vs. 161 min) but time spent grazing white clover was similar (318 vs. 308 min). Total grazing time was signi®cantly higher on treatment c3g6 than on treatment c6g6 (588 vs. 469 min) but proportion of grazing time on white clover was similar (0á554 vs. 0á668). Perennial ryegrass intake was signi®cantly higher for treatment c3g6 than for treatment c6g6 (672 vs. 402 g) while white clover intake was signi®cantly lower (1140 vs. 1435 g) but total intake was similar (1812 vs. 1836 g). The proportion of white clover in the diet was signi®cantly lower for treatment c3g6 (0.628 vs. 0.785) than for treatment c6g6.
The only signi®cant differences between treatments c3g6 and c3g9 were in perennial ryegrass intake (672 vs. 906 g) and in total intake (1812 vs. 2287 g). Intake of perennial ryegrass on treatment c3g9 was also signi®cantly greater than on treatment c6g6 (906 vs. 402 g) and total intake was higher (2287 vs. 1836 g).
At the higher stocking density, time spent grazing perennial ryegrass and perennial ryegrass intake were signi®cantly lower on D1 and D2 while total grazing time was also signi®cantly lower and proportion of time grazing white clover and proportion of white clover in the diet were signi®cantly higher at the higher stocking rate on D2.
The results indicate that behaviour changed over the 48 h observation period for treatments c3g6 and c3g9 but behaviour remained relatively constant for animals on treatment c6g6. Ewes traded off dietary preference against total intake by altering grazing times on perennial ryegrass and white clover to achieve maximum net bene®t.
( Black and Kenney, 1984; Arnold, 1987; Distel et al., 1995; Grif®ths et al., 1996) and diet selected (Wallis de Vries and Daleboudt, 1994) . In turn, selective grazing can affect the vertical (Del Pozo and Osoro, 1997) and horizontal (Edwards et al., 1996) distribution of herbage and hence the stability of the plant community. An understanding of the foraging decisions made by herbivores in response to sward state and relative availability of plant species is thus an essential prerequisite to the development of sustainable grazing systems.
Previous studies (Parsons et al., 1994a; Rutter et al., 1996) have shown that sheep select proportionately about 0á70 white clover in their diet, when offered a choice between perennial ryegrass and white clover monocultures at the same (6 cm) sward surface height (SSH, Bircham, 1981) . These studies were designed to subject the animal to the minimum of physical constraints and thus enable it to express its true preference rather than a physically constrained selection (Hodgson, 1979 ). The mechanistic model of Parsons et al. (1994b) predicted that the introduction of a physical constraint, such as a decrease in the average sward height of clover in a grass±clover mixture, with a concomitant decrease in intake rate of clover, would lead to animals having to trade off the`value' of their preferred mixed diet with total daily herbage intake, resulting in a mixed diet with a lower proportion of clover.
Stocking density and its interaction with social behaviour have also been shown to have important effects on the ingestive behaviour of herbivores. For example, Thouless (1990) found that feeding rate decreased in subordinate red deer as the distance to dominant neighbours decreased and Blanc and The Â riez (1998) also found that a high stocking density induced social stress in red deer that affected their grazing patterns, particularly in subordinate animals. Molvar and Bowyer (1994) , working with Alaskan moose, showed that, as group size increased with distance from cover, grazing selectivity decreased. Surprisingly, Molvar and Bowyer (1994) , found that group size was inversely related to foraging ef®ciency because of the overriding effects of aggressive behaviour. This is contrary to the generally held concept that many animals bene®t from increased numbers in a group (Pulliam and Caraco, 1984) . This bene®t has been demonstrated with sheep, where grazing time increased for animals kept in groups of four or more animals (Penning et al., 1993) compared with smaller groups and liveweight gain was greater for sheep kept in large groups compared with small groups (Southcott et al., 1962) .
While a number of previous studies have shown that selection between patches of the same herbage species differs with the relative height of the patches (e.g. Harvey and Wadge, 1994; Distel et al., 1995; Dumont et al., 1995; Berg et al., 1997) , there have been few investigations into the effect of relative sward height on selection between grass and clover. Illius et al. (1992) offered sheep choices between swards differing in white clover content and sward surface height. They found that tall patches and patches of intermediate white clover content were preferred and that the effects were additive. However, intake rate of the alternatives did not appear to in¯uence the choices made. These tests were performed with small turves over short periods with individual isolated animals. Thus, the results may not extrapolate to the ®eld-scale because of interactions between animals, variation of dietary preference over the day and with physiological state, and effects of previous dietary experience of the animals (Newman et al., 1994; Parsons et al., 1994a) . Torres-Rodriguez et al. (1997) found that young cattle offered choices between ryegrass and white clover, with the white clover at different heights, increased their total grazing time while maintaining their grazing time on white clover when the height of the white clover decreased. However, the different heights in this experiment were created by mowing which probably resulted in a different sward structure to that in continuously stocked swards of contrasting height.
The objective of this experiment was to test the hypothesis that grazing sheep alter their selection between perennial ryegrass and white clover in response to differences in the relative vertical availability of the two herbage species and to investigate interactions between diet selection and stocking density. The tests were carried out at a scale which permitted groups of animals to be used and diurnal patterns of preference to be observed over 48 h without resource depletion (®eld-scale).
Materials and methods

Treatments
The experiment had a 3´2 factorial design with three SSH combinations at two stocking densities. The SSH treatments comprised monocultures of white clover alongside monocultures of perennial ryegrass with different SSH combinations of the two herbage species, subsequently referred to as grass and clover. These were: clover and grass both at 6 cm (c6g6), clover at 3 cm and grass at 6 cm (c3g6), clover at 3 cm and grass at 9 cm (c3g9). The stocking densities were: 21á3 ewes ha ±1 (two yearling and three mature ewes per plot; L) and 29á8 ewes ha ±1 (three yearlings and four mature ewes per plot; H). The H stocking density was proportionately 0á40 greater than the L stocking density. These densities were chosen so that, within the plot area available for each treatment, SSH would not be depleted over each 48 h observation period. At each stocking density, c3g6 and c6g6 treatments were replicated three times and the c3g9 treatment was replicated twice giving a total of 16 paddocks each of 0á235 ha comprising proportionately 0á50 by area of grass and 0á50 of clover. In order to increase replication within the resources available, preference for grass or clover was tested over 48 h on two separate occasions, 8±10 June (period 1) and 23±25 June (period 2) 1993. The same sheep were used in both periods but individual sheep were re-randomized to form new groups. The paddocks for the SSH treatments could not be re-randomized but the new groups and the stocking density treatments were re-randomized to the paddocks.
Sward establishment
Perennial ryegrass (Lolium perenne L., cv. Parcour) and white clover (Trifolium repens L., cv. Kent Wild White) monocultures were established in August 1990 at North Wyke, Devon (latitude 50°45¢ N, longitude 3°55¢ W). During the grazing season of 1991 and 1992, these areas were maintained at a SSH of 6 cm, by continuous variable stocking with sheep. In 1993, the grass and clover areas were managed separately prior to the start of the experiment. Grass areas were grazed by sheep from late February with SSH maintained between 3 and 6 cm until early May, after which differing stocking rates were imposed to create areas of either 6 cm or 9 cm SSH. The clover areas were grazed by sheep from early April, maintained at a SSH of approximately 6 cm until early May, then managed to achieve either 3 or 6 cm SSH. The target SSHs for both species were achieved by late May. During the interval between the two test periods, the grass and clover swards were managed separately, by grazing with sheep, to maintain their target SSH.
Thirty kg of N ha ±1 was applied to the grass areas on 10 May, with the aim of achieving a nitrogen level in the leaves within the range of that seen in grass growing in a grazed grass±clover mixture (see Parsons et al., 1991) . No fertilizer nitrogen was applied to the clover swards. The experimental area was irrigated to maintain the soil moisture de®cit below 4 cm.
Animals
Non-lactating, non-pregnant Scottish Halfbred (Border Leicester´Cheviot) ewes were used. Each group of animals consisted of both yearling (approximately 14 months of age) and mature (greater than 2 years of age) ewes. The groups were not visually isolated. Groups of animals were used as replicates because individuals within a group were not considered to be independent (Rook and Penning, 1991) . The mean live weight (s.e. of mean) of the yearlings was 49 0á5 kg and of the mature ewes 79 1á3 kg. All sheep had previous experience in grazing grass and clover swards at ranges of SSH from 3 to 9 cm for grass and 3±6 cm for clover. For at least 1 week prior to the start of each test, all the sheep grazed from a mixed grass±clover sward maintained at approximately 6 cm SSH containing proportionately 0á20 clover on a dry-matter (DM) basis. On the day immediately prior to each test period, they were allowed to graze paddocks containing adjacent monocultures (proportionately 0á50:0á50 by area) of grass and clover, each at 6 cm SSH. At the start of the test periods, animals were released onto the dividing line between grass and clover in the test paddocks, between 09á10 and 09á40 h and remained on the test paddocks for 48 h.
Measurements
Sward surface height and botanical composition
Thirty SSH measurements on each species were made on each experimental paddock on the day before and immediately after each test.
The herbage mass of grass and clover was measured at the start of both periods. Herbage from two quadrats (each 25´50 cm), one randomly placed on each of the grass and clover portions of the test paddock, was cut to ground level using a scalpel. Sub-samples of fresh material were separated into lamina, petioles, stolons, owers and dead material for clover and lamina, pseudostems, reproductive stems and dead material for grass. The separated samples were dried to obtain dry weight of each component.
Time spent grazing
The time spent grazing either clover or grass was estimated from visual scan sampling of focal animals (one yearling and one mature ewe per paddock, selected at random) every 5 min between 04.50 and 22.00 h. Observers were located in elevated hides and were visually isolated from the experimental animals. Animal activity (eating or not eating) and position (grass or clover) were recorded. For proportionately 0.42 of the recorded grazing time it was not possible to distinguish which herbage species the animals were grazing. These data were excluded from the analyses.
Herbage intake rate
Herbage intake rate was measured after period 2, on clover swards at 3 and 6 cm SSH and grass swards at 6 and 9 cm SSH, i.e. the same SSHs as used in the preference tests. The SSH of these swards had previously been maintained by continuous variable stocking with sheep. Each of the four swards was grazed by a different group of ®ve ewes selected at random from the adult ewes used in the preference tests. Animals grazed at their designated SSH for 1 week prior to the measurement of intake rate. Intake rate was measured on four ewes in each group, during each of three mornings (5±7 July). The mean intake rate for each ewe over the 3 d was used as the unit of replication. As there was no spatial replication of treatments, only variation within treatment was calculated. Herbage intake rate was estimated using the method of Penning and Hooper (1985) . Brie¯y, bags to prevent loss of faeces and urine were ®tted to the ewes together with grazing behaviour recorders, ewes were then weighed and allowed to graze for 1 h. After this period of grazing they were weighed again, ®tted with muzzles and returned to their paddocks for 1 h before a third weighing. Weight change during this second period was used to estimate the insensible weight loss. Herbage intake was estimated as the difference between the live weights of the animals before and after grazing, adjusted for the insensible weight loss. Samples of herbage, representative of material observed to be selected by the sheep, were handplucked and oven-dried at 80°C to estimate the DM concentration of the herbage ingested. Jaw movements were recorded (as analogue electrical signals) by miniature tape recorders carried on the ewes over the 1-h period when they were allowed to graze (Penning et al., 1984) . The recorded signals were subsequently replayed and the waveforms analysed to give time spent eating. The data were summarized on a minute-by-minute basis and an animal was deemed to be eating if it spent at least 30 s eating in any 1 min. Daily DM intakes of grass and clover during the preference tests were calculated by multiplying the observed grazing times by the appropriate intake rate.
Statistical analysis
The experiment had a 3´2 factorial design with three SSH combinations at two stocking densities. Preliminary analysis showed that, although yearlings grazed for longer than did adult ewes, no signi®cant interactions with treatments occurred so the means for the two age groups were used for all subsequent analyses. Thus, data were analysed as a three-way factorial analysis of variance with stocking density, SSH combinations and period as treatments. Data expressed as proportions were normalized using arcsin square root transformations.
Results
No signi®cant interactions between SSH combination, stocking density and test period were found. Therefore only main effects have been tabulated. The behaviour of the animals changed markedly between the ®rst and second 24 h of the test periods (D1 and D2). Results for these are therefore presented separately (Tables 1  and 2 ).
Sward surface heights and herbage mass
Sward surface heights at the start of the test periods were close to target (Table 3 ). There was no signi®cant reduction in sward height over the 48 h of the test period. Mean total, live and lamina herbage masses at the start of the test periods were consistently lower on shorter swards for both grass and clover (Table 4) . Pseudostem and reproductive stem masses were similar Values with different letters within rows and sections are signi®cantly different (P < 0á05). * c6g6, clover 6 cm, grass 6 cm; c3g6, clover 3 cm, grass 6 cm; c3g9, clover 3 cm grass 9 cm. Proportion data analysed using arcsin square root transformation so s.e.d. not shown.
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for the grass swards. Dead herbage mass was considerably greater on the grass than the clover swards, this gave rise to c3 and g6 swards and c6 and g9 swards having similar live total herbage masses.
Weather conditions
In period 1, D1, the maximum temperature, minimum temperature (°C), rainfall (mm) and sunshine (h) were respectively: 23á4, 8á6, 6á8 and 14á4 and for D2 were: 22á4, 14á1, 2á9 and 1á2. In period 2, the corresponding measurements for D1 were: 16á4, 7á4, 0, and 13á6 and for D2 were: 16á9, 6á9, 0 and 13á4. There was little difference in the weather between D1 and D2 within periods, but in the second period temperature maxima were lower than those in the ®rst period.
Intake rates
The intake rates of clover (s.e. of mean) were 3á58 0á401 g DM min ±1 and 4á66 0á828 g DM min
±1
at 3 cm and 6 cm SSH respectively. The intake rates of grass were 2á49 0á389 g DM min ±1 and 3á99 0á369 g DM min ±1 at 6 cm and 9 cm SSH respectively.
Effect of animal age
As stated previously, there were no signi®cant interactions between animal age and SSH combinations. However, yearling animals grazed for signi®cantly longer than adult animals (D1 605 vs. 542 28á5 min; D2 595 vs. 505 31á2 min).
Diurnal pattern of preference
There was a diurnal pattern of preference with the proportion of grazing time spent on clover greater in the morning compared with later in the day. The proportion of total available time spent grazing clover was relatively constant over the day but the proportion of grazing time on grass increased as the day progressed (Figure 1 ).
Effect of sward surface height combination
The effect of SSH combinations showed that there was no difference between D1 and D2 for the proportion of clover in the diet for the c6g6 treatment but when physical constraints were placed on the intake rate of clover the animals decreased the proportion of clover in their diet (D1, 0á794, 0á460 and 0á384; D2, 0á785, 0á628 and 0á601 on treatments c6g6, c3g6 and c3g9 respectively).The proportion of clover in the diet did not differ between c3g6 and c3g9 treatments (Tables 1 and 2 ). Considering the contributory factors that gave rise to these differences in clover proportion in the diet, it was found that during D1 of both test periods (Table 1) the animals on treatment c3g6 spent signi®cantly less time Figure 1 Mean temporal pattern of grazing over 48 h (h, clover; j, grass) at the following sward surface heights: (a) clover 6 cm, grass 6 cm (c6g6); (b) clover 3 cm, grass 6 cm (c3g6); and (c) clover 3 cm, grass 9 cm (c3g9).
grazing clover and more time grazing grass than those on treatment c6g6. Total grazing time on treatment c3g6 was 43 min more than on treatment c6g6 but the effect was not signi®cant. As a result, the proportion of grazing time spent on clover was signi®cantly lower for treatment c3g6. Multiplication of grazing times by the appropriate intake rates showed that grass intake was signi®cantly increased and clover intake signi®cantly reduced on treatment c3g6 and total intake was also signi®cantly reduced compared with treatment c6g6.
During D2 of both test periods (Table 2) , the animals on treatment c3g6 again spent signi®cantly more time grazing grass than on treatment c6g6 but the time spent grazing clover was similar. As a result, total grazing time was signi®cantly higher on treatment c3g6 than on treatment c6g6. Grass intake was signi®cantly higher for treatment c3g6 while clover intake was signi®cantly lower. These effects cancelled out to give no signi®cant difference in total intake between the two treatments. The proportion of clover in the diet was signi®cantly lower on treatment c3g6 than on treatment c6g6.
There were no signi®cant differences in total grazing time or in grazing times on either species between treatments c3g6 and c3g9 in both D1 and D2 of the test periods (Tables 1 and 2 ). However, the higher intake rate of grass in treatment c3g9 led to an increase in grass intake and in total intake for this treatment. For D2, the intake on treatment c3g9 was also signi®cantly greater than that for treatment c6g6.
Effect of stocking density
During D1, time spent grazing grass and grass intake were lower at high stocking densities (Table 1) , none of the other measurements were signi®cantly different between stocking densities. This effect was repeated in D2 but, in addition, total grazing time was also signi®cantly lower and the proportion of time grazing clover and the proportion of clover in the diet were signi®cantly higher at the higher stocking density ( Table 2) .
Effect of test period
Clover and total intakes on D1 were signi®cantly higher in the second test period (Table 1) . For D2, both total grazing time and total intake were signi®cantly higher in the second test period (Table 2) . No other measurements were signi®cantly affected by the test period.
Discussion Resource depletion
This experiment was designed with stocking densities and duration of each test calculated to avoid resource depletion and thus minimize the complication of changes in grazing behaviour that occur with reduction in SSH or green leaf mass . Sward surface heights were not greatly altered between the start and end of the test periods, although all increased slightly. This suggests that the dietary choice of the animals would not have changed due to resource depletion over the time-scale of the tests. Similarly, stocking density had little effect on SSH over the duration of the experiment (Table 3 ). In addition, botanical composition of the herbage species and herbage masses, at the same SSH across SSH combinations, were similar.
Limitations to intake estimates
The intakes used in this experiment were calculated from intake rates (IR), made after the preference tests, and grazing time (GT) that was measured in the test periods. This method was used because each experimental period lasted only 48 h thus precluding the use of marker techniques, where several days are required to estimate intake; samples of faeces also have to be collected and this may have disturbed the animals and vitiated estimates of dietary preference.
To estimate IR, ewes grazed monocultures of grass and clover at the appropriate SSHs for 1 week, before IR was measured over 1 h starting at 11.00 h, on three consecutive days. It was not possible to make these measurements of IR during the preference tests, as animals could eat from both grass and clover and thus the IR of the individual herbage species could not have been measured. In addition, estimating IR during the preference tests would have interfered with the estimates of preference. Orr et al. (1996) have shown how IR varies with time of day and thus the measurements used here may not have been representative of the mean IR measured over the day. However, Penning and Hooper (1985) , using sheep, and Romney et al. (1996) , using goats, demonstrated that using IR´GT gave very similar estimates of daily intake to estimates made using the chromic oxide (Penning and Hooper, 1985) and n-alkane techniques (Romney et al., 1996) . More recently, R. J. Orr (1999, personal communication), compared daily intakes of herbage calculated from IR´GT with those from the n-alkane technique, for sheep grazing continuously stocked swards. He found close agreement between the two methods.
Another possible source of error is that IR was only measured with adult ewes and these values may not have applied to the yearling sheep used. However, the experiment was balanced for adult and yearling ewes, for comparisons between SSH combinations, but comparisons of intake between stocking densities may be biased. It is acknowledged that the technique used here may be criticized but it is felt that it provides information that is a necessary step towards developing an understanding of the`currencies' being used by the animals in making foraging decisions.
Effects of stocking density
At the high stocking density, animals tended to graze less on the grass, more on clover, to have a shorter total grazing time and spend a greater proportion of their time grazing clover than grass, than those at the low stocking density. These differences were more marked on D2. There appears to be little information available on the effects of stocking density on diet preference and grazing behaviour of sheep. Penning et al. (1993) showed that grazing time increased with increasing group size of up to ®ve animals per group, however, in their experiment stocking density was held constant while in this experiment both group size and stocking density were increased. In this experiment, group sizes were ®ve and seven ewes at the low-and high-stocking densities. Peyraud et al. (1996) found that herbage intake increased with increased herbage allowance (i.e. lower stocking density) for primiparous cows but did not vary for adult cows. Peyraud et al. (1996) concluded that these effects were due to social interactions between the young and mature cows. In red deer, Thouless (1990) found that feeding rate increased with increasing distance from neighbours while Blanc and The Â riez (1998) found that stocking density did not affect total grazing time but modi®ed the grazing pattern over the day. In addition, meals were more frequent but shorter when stocking density was increased. These reported effects of stocking density were mainly brought about through changes in social behaviour, either through aggressive interactions or through the avoidance of aggression. Social interactions may have been responsible for the changes in grazing behaviour observed in our experiment but, as these were not recorded, it is not possible to con®rm this.
Diurnal pattern of preference
Previous studies have reported a diurnal pattern in preference for grass and clover, with a higher proportion of clover chosen in the morning compared with later in the day (Newman et al., 1994; Parsons et al., 1994a; Penning et al., 1997) . The present results are consistent with those ®ndings and with predictions from foraging models (Newman et al., 1992; . This pattern of preference over the day was primarily a result of the animals increasing their grazing time on grass during the day, whereas the proportion of available time spent grazing clover remained relatively constant.
Effect of sward surface height combinations
Our results show that, when vertical availability of clover was reduced and grass availability was held constant or increased, trade-offs between grass and clover occurred. Generally, animals increased their grazing time on grass leading to an increase in total grazing time and a lower content of clover in their diet (Tables 1 and 2 ). These results are in general agreement with the predictions of the model of Parsons et al. (1994b) .
Previous studies (Parsons et al., 1994a; Rutter et al., 1996) have shown that sheep offered a choice between grass and clover monocultures, both at 6 cm SSH, select a diet containing proportionately 0á70 clover, a result con®rmed in this experiment. The model of Parsons et al. (1994b) assumes that this dietary composition of 0á70 clover, chosen under conditions of minimal constraint, is in some sense of maximal`value' to the animal, although the currency of this`value' has not so far been de®ned. It is clear that intake rate is not maximal in this situation because this would require the diet to consist entirely of clover. The model predicted that if the vertical availability and hence the intake rate of the clover was reduced, the animal would be forced to trade off the`value' of a diet containing proportionately 0á70 of clover against the reduced daily intake in order to obtain maximum net bene®t from its diet. These predictions are supported by the results of this experiment.
However, our results tend to disagree with the predictions by the model of Newman et al. (1995) . Newman's model predicts that, as intake rate of grass relative to that of clover increases, the proportion of clover in the diet increases. Also, at intake rates of clover similar to those found in our experiment, the proportion of clover in the diet for all sward height combinations would be close to 0á75. This only holds for treatment c6g6. For treatments c3g6 and c3g9, the proportion of clover in the diet is lower than that predicted by the model and in fact tends to decrease with increasing intake rate of grass. Newman et al. (1995) stated that the performance of their model was sensitive to the initial values of the state variables used. These values may not be appropriate and this could explain the disagreement found. D2 in both observation periods, whereas the behaviour of animals on treatment c6g6 changed little between days. All animals grazed a c6g6 sward immediately prior to the preference test (`background'). Newman et al. (1992) and Parsons et al. (1994a) have demonstrated how background affects preference for clover, with animals immediately changing their diet away from that of the background when given an alternative choice, and then gradually reverting to a diet containing proportionately » 0á70 clover and 0á30 grass (Newman et al., 1992; Parsons et al., 1994a) . This may explain the differences found between D1 and D2 for treatments c3g6 and c3g9. Illius et al. (1999) , using short-term preference tests for ®ve species of grass, found that goats tended to select diets that maximized intake rate and suggested that discrimination error by the animals, between intake rates, is likely to provide a general explanation of mixed diets in herbivores. Generally, in short-term tests animals will not have the opportunity to respond to metabolic and digestive feedbacks relative to their dietary choices and, under these test conditions, it is logical that intake rate would be one of the main criteria explaining preference. However, the model of Newman et al. (1995) suggests that, in the longer term, diet selection is affected by energy retention, digestible gut ®ll and indigestible gut ®ll and Thornley et al. (1994) use net energy retention as the currency in their optimality model. Obviously, to measure the in¯uence of digestive and metabolic factors on diet selection, preference has to be measured over a relatively longtime period. We suggest that, in our experiment, changes in preference between D1 and D2 may have been in response to metabolic and digestive feedbacks and that intake rate and lack of discrimination do not explain the mixed diet selected. Discrimination rates (intake rate of clover/intake rate of grass) were 1á9, 1á4 and 0á9 for treatments c6g6, c3g6 and c3g9, respectively, but there was no difference between treatments c3g6 and c3g9 in diet preference and on D2 proportion of total grazing time spent grazing clover was similar across all treatments.
The habitat matching theory (Pulliam and Caraco, 1984) has been suggested as an explanation of the distribution of foraging animals. This can be expressed as
R2 where: N 1 and N 2 are the number of organisms in sites one and two (analogous to clover and grass swards in this experiment) and R 1 and R 2 are the amounts of resource in those sites. This theory has been reviewed by Kennedy and Gray (1993) and they concluded that it does not accurately predict the distribution of foraging animals. They suggested a similar model based on the psychological matching law and indicated that more information than the relative distribution of resources may be required to improve this modelling approach, speci®cally: relative and absolute resource availability; number of animals; perceptual abilities of animals; competitive interactions; competitive abilities of animals and the effects of travel between sites. However, a major problem is in understanding the`resource' or`currency' used by the animals in making foraging decisions and this knowledge is essential to developing a better understanding of foraging behaviour.
Conclusions
Although animals altered their preference in the short term in response to a short clover sward, they rapidly reverted towards their usual preference after 24 h. If this were to continue in the longer term, a short clover sward would be rapidly grazed to extinction. This has important implications for practical grazing management decisions. The differences in preference between D1 and D2 demonstrate the possible danger of misleading results from short-term preference trials (cf. Newman et al., 1992) . We suggest that preference trials should extend beyond 24 h and should take into account the previous diet and learning experience of the animals. There is a need to establish the long-term (weeks or months) evolution of preference and its effect on sward state, in choice experiments with swards of contrasting availability. 
